T h e ribosome is a complex molecular machine, with moving parts, many of which are structural elements of rRNA. We compared the X-ray crystal structures of three different functional states of the 30 S ribosomal subunit -two from crystal structures of the isolated 30 S subunit from the Ramakrishnan group and one from a complex of the 70 S ribosome. Even though all three structures are in what could be called the 'ground state' of the subunit, many conformational differences are found, distributed over the whole structure. A striking example is the undulating movement of the penultimate stem of 16s rRNA, which forms several intersubunit bridges with the 50 S subunit.
Introduction
Among the questions that need to be addressed are: (i) how does the ribosome respond to Key words: 30 S subunit, helix 44, translation, tRNA. Abbreviations used: A site, aminoacyl site; ASL, anticodon stem loop; E site, exit site; EF-G, elongation factor G; EM, electron microscopy; P site, peptidyl site. 'To whom correspondence should be addressed (e-mail hany@nuvolari.ucsc.edu). (viii) What is the purpose of having an activation barrier at all ? Although answers to some of these difficult questions are already beginning to emerge, most of them will take many years to resolve. In this paper, we take advantage of the knowledge of three different states of the Thermus thermophilus 30 S ribosomal subunit to ask what differences can be seen between their conformations, and whether they may offer clues to the above questions. These three structures are shown in Figure 1 , viewed from the subunit interface side. As noted by Ogle et al. [7] , binding of the ASL to the A site results in a closing down of the A site around the tRNA. This is caused by downward pivoting of the head, upward shrugging of the shoulder, and upward flexing of the top of the penultimate stem (helix 44) along the 1492 strand ( Figures 1A and   1B ). In the 70 S P-E complex (Figure 1 C) , there is a pronounced widening of the A site, due to leftward movement of the shoulder and rightward movement of the top of the penultimate stem. The platform undergoes a clockwise movement that occurs in concert with the movement of the top of the penultimate stem. In contrast with the 30 S Psite spur state (Figure 1 A) , the head does not move upward relative to the A-ASL structure, but instead nods towards the 50 S subunit, where it makes interface contacts with bridges Bla and B l b [3, 10] . This nodding movement of the head can be seen more clearly in the side views shown in Figure 2 .
Three conformational states of the 30 S subunit

Movement of the penultimate stem
One of the most interesting interface features of the 30 S subunit is the approx. 50-base-pair penultimate stem (nucleotides 1409-1491) of 16 S rRNA, which runs from the decoding site to the bottom of the 30 S subunit. It makes four major contacts with the 50 S subunit, comprising bridges B2a, B3, B5 and B6, mostly via the surface of its minor groove [3, 12] . Translocation of tRNA is most likely coupled to movement of parts of the ribosomal structure at the subunit interface, where T h e penultimate stem is articulated at several positions, resulting in an undulatory movement. T h e observation that its electron density appears to be interrupted in certain cryo-EM reconstructions can be explained by averaging of multiple conformations [13]. Some of the movements of the penultimate stem must be the result of the bridge contacts with the 5 0 s subunit. For example, the pronounced closing of the major groove at the contact with bridge B3 and the rightward displacement of the stem around B5 and B6 could be caused by 50 S contact.
Finally, rightward movement of the penultimate stem results in an opening of the gap below the A site that Ogle et al. [7] have proposed plays an important role in the accuracy of tRNA selection. This movement is influenced not only by interactions in the decoding site itself, as seen in the 30 S subunit structures, but also by the bridge interactions with the 50 S subunit, as seen here.
Conversely, movements in the penultimate stem caused by events taking place in the decoding site could be transmitted to functional sites in the 50 S subunit via these same intersubunit interactions.
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